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As part of a t r a n s d c  research program, a ser ies  of wing-body 
ccanbinatians are betag investigated i n  the Langley high-speed 7- 
by lO-foat tunnel over  a Mach number range of about 0.60 t o  1.18 
uti l izing the transonk-bmnp t e s t  tecbnipue. 

This paper presents the results of the inveetigatian of a w i n g -  
alone and uing-fuselage canfiguration eanplqing a wing with the quarter- 
chord Une swept back 45O, with  aspect r a t io  4, taper   ra t io  0-3y and 871 
NACA 65A006 airfoil   section. Lift, drag, pitching mcanent, and root 
bending mnmnn+. were obtained for these caafiguretions. In addition, 
effective dowrrwash angles and dgnamic-pressure characterietics in the 
region of a probable tail location were also obtained for these can- 
figurations and are Fesented far a range of t a l l  heights  at  o m  tail 
length. In order t o  expedite the publishing of these  data, only a 
brief  analysis is included. 

A series of wings with  and withmt a body are being  investigated i n  
the Langley high-speed 7- by IO-foot tunnel t o  atudy the  effects of w i n g  
g e m t r y  on the longitudinal stabil i ty  characterist ice at transonic 
speeds. A Mach  number range between 0.a and 1.18 is obtained  utilizing 
the transonic-bump technique.  Previous data published i n  this series 
are  presented' in references 1 and. 2. 
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Thfs paper peeente  the  reeulte of the  investigation of the wing- 
alone and wlng-fueelage configurations ermploging a wing with  the 
quarter-chard  line ewe@ back 45O, aspect r a t io  4, taper   ra t i3  0.3, 
and an NACA 65~006 airfoil   sect€on  parallel  t o  the stream. 

MODEL AND A€?PARATUS 

The wlng of the a d s p a n  model had 45O of sweepback referred t o  the 
quarter-chmd Une, aspect r a t io  4, taper rati,o 0.3, and a n  NACA 6 ~ 0 0 6  
airfoi l   sect ion parallel t o   t h e  Free Stream. The wing was made of 
beryllium copper and. the fuselage of brass. A two-view  drawing  of the 
model is preeented in figure 1, w h i l e  ardlnates of the fuselage of 
finenese ra t io   10  are given in   t ab le  I. 

The  model was mounted on an electr ical  etrain-gage balance, which 
was enclosed in   the  bump; and the lift, drag, pitching mcanant, and 
bending moment about the model plane of symmetry  were measured with ' 

calibrated galvanmeters. 

Effective donaiaeh angles were determined f-m a range of t a i l  
heights by measuring the f loa t ing  anglea of five fhe - f loa t ing   t a i l s  
with the aid of calibrated slide-whe potentlameters. Details of the 
floatlng tails are shown in figurea 2 and 3, w h i l e  a pictorial. view of 
the model on the bump wtth three of the floating tails is given as 
figure 4. The t a i l s  used i n  this investfgation were the ~ a m e  aB those 
used in  referencee 1 and 2. I 

A total-head c a b  was used t o  detennine dynamlc-presaure rat ios  far 
a range of tail heightn i n  a plane which contained  the  25-percent mean- 
aerodynamic-chord point of the Free-floating 'tails. The total-head 
tubes m e  agaced 0.25 inch apart. 
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TESTS 

The tests were made i n   t he  Langley high-speed 7- by 10-foot  tunnel 
uti l izing an adafiation of the NACA wing-flow technique for obtaining 
transmic a p e & .  The technique used involves  the mounting of a model 
i n  the high-velocity f l o w  f ie ld  generated over the curved surface of a 

, bump located on the  tunnel floor. (See reference 3.  ) 

Typical  contours of local Mach  number i n  the vicinity of the model 
location on the bmrg, obtained Pram surveys with no  model in  position, 
are shown in figure 5. It i e  seen that there is a Mach number gradient 
of about 0.04 over the model semiapan a t  low Mach numbers and frcm 0.06 
t o  0.07 at the highest Mach n b e r s .  The chardwise Mach  number gradient 
i s  generally less than 0.01. No att- has been made t o  evaluate  the 
effects of the chardwise and spanwise Mach number variatims. Note that 
the  long dashed l ines  ahawn near the root of thg wing (fig.  5: represent 
a loca l  Mach number that is 5 percent below the maximum value and 
indicate  the  extent of the bump boundary layer. The effective  test  Mach 
number  wae obtained frm contour charts similar t o  those preBented in  
figure 5 using  the  relationship 

The variation of mean test Reynolds number with Mach number is  
a h m  in tigure 6. The boundaries on the  figure  indicate the rango In 
Reynold8 number caused by variation6 in test condltions in  the couree 
of the  inveatigation. 

Farce and moment data,  effective dawnwash angles, and the   ra t io  of 
dymamic peasure  a t  25 percent of the mean aerodynamfc chord of t h e   t a i l  
t o  fkee-stream dynamic preeaure were obtained for  the model canfigu- 
rations  Lested through a Mach nMlbttr range of 0.70 t o  1-18 and an angle- 
of-attack range of -2' t o  loo. 

No tares have been applied t o  the data to account for tho  presence 
of the  end plates on the models. Jet-boundary corrections M1-e not  been 
evaluated because the boundary conditions t o  be satisfied are not rigor- 
o u s u  defined. However,  fnaamuch 88 the  effective flow f i e ld  i s  large 
canpared with the span and chord of the model, these  corrections  are 
believed t o  be small- 

By measuring tail floating angles without 8 model installed, it was 
determined that a t a i l  spacing of 2 inches would produce nctgllgible 
interference  effects of reflected shock wave8 on the tail flo&ting 



NACA RM ~ 9 ~ 2 5  - 5 

. angles. Downwash angles for the wlng-alcme can9igration -re therefore 
obtained sfrmzltaneoudy for the middle, highest, and lowest tail posi- 
t i ons  in one series of testa, and simultaneously far the two inter-  
mediate positions in succeedFng rum. (See fig. 3 . )  For the wing- 
fuselage  teste,  the  effective downwash anglee a t  the chord-plane  extended 
were determfned by mounting a free-float- tail on the center  line of 
the  fuselage. The dowarash angles pesenked are increments f r a m  the 
tail floating angles wlthout a model In position. It ehould be noted 
that the floating meaeured m e  in real i ty  a meamre of the angle 
of zero pitchlng mnmp;nt about the tail-pivot a x i s  rather than the angle 
of zero lift. It has been ea tha ted  that, f& t h e   t a i l  arrangement used, 
a darnwash gradlent of' 2 O  across the span of the tall will reeult in an 
error of lees  than 0 . 2 ~  in the msaEIured downweeh angle. 

Total-head rea-8 obtaFned fram the tail-survey cmb have been 
corrected for bow-wave loss. The static-peseure values used in  
computing dynaanic-peasure ra t ios  were obtained ky m e  of a s t a t i c  
probe with no model in p e l t i a n .  

A table of tho figures Enresenting the resul ts  is given below: 

Figure 
Wfng-alone force  data . . . . . . . . . . . . . . . . . . . . . . .  7 
Wing-fuaelage force data . . . . . . . . . . . . . . . . . . . . . .  8 
Effective damwash angles (dng dab=) . . . . . . . . . . . . . . .  9 
Effective downwash w e e  ( w i n g  fuselage). . . . . . . . . . . . . .  10 
DowaTash gradients .  . . . . . . . . . . . . . . . . . . . . . . . .  ll 
Dynamic-presaure surveys . . . . . . . . . . . . . . . . . . . . . .  12 
Summarg of aerdyneoaic characteristics . . . . . . . . . . . . . . .  1 3  

c 

The discuesian fa based on the slmrmFlrized values given in figure 13 
unless otherwise noted. Note that the Slope8 sumarized i n  figure 13 
have been averaged mer a l if t-coefficient range of f O . l  at the given 
lift; coefficient. 

Lift and drag cheracterietic8.- The isolated wing lift-curve slope 
measured near zero lift; xa8 about 0.064 at a Mach rider of 0.70- T h i s  
slope ccrmpares wfth a value of 0.065 eetimated f m this Mach  number 
wSng unpublished semispan data far a geametricallg slmilar modcl f r a m  
the Langley tm-dlmemional tunnel. a8 a law-speeA pofnt and applying a 
campressibility  carrection BB outlined i n  reference 4. The basic 



lift-curve  slope up t o  a Mach number of 1.00 was increased about 10 pr- 
cent by the additicm of the fuelage.  Beyond. a Mach  number of 1.W the 
fuselage  effect on the lif't-curve d o p e  i s  diminished. 

The drag r i s e  at zero lift began at a Mach  number of about 0.93 for 
both the wing-alone and wing-fuelage configurations. The drag charac- 
te r ie t ics  are  very slmilar t o  those obtaFned far the w h g  of reference 1, 
which, except for taper  ratio, had identical geaanstric characteriutics 
a8 the wesent whg. The absolute drag coefficient8 are probably high 
becawe of the presence of the end plates and the  relatively low 
Reynolda l l u m b ~ ~  at which these  teats were made. 

The lateral   center of pressure for the wlng alone (CL = 0.4) was 
located  at 45 percerrt of the s d s p a n  at a Mach  number of 0.70. This 
center-of-pressure location cczmpares wlth a value of 44 percent semispan 
obtained frat the unpublished low-speed data from the Lmg.le$ tWCJ- 

Uenaiana l  tunnel a t  a Reynolds number of I 2  x lo6* Between M = 0.85 
and 0 - 95 there -8 a fairly abrupt movement of yc. p. to about 49 per- 
cent samfspan. Ln a Mach number range f'rm 0.95 t o  1.05, M outboard 
ehift  of about the same maeplitude  was obtained with the lass taperc:d 
45' sweptback w3ng (reference 1). The addition of the f'uaelagr! mc>vt.d 
the lateral  center of pressure inboard about 2 percent of the rmn!.:~pm 
a t  low Mach ambers and there WB+I very l i t t l e  outboard shift through 
the Mach nmiber range. 

PitchingPlament characterietics.- N e a r  zero l i f t  the wtng-alom 
aerodynamic ce&er was located at 40 percent of the mean ac:rodynFmic 

chord ($$& = -0.19 'up t o  M = 0.90. This value compares wikh  a 

value of 36 percent of the mean aerodynamic chard  obtained f'ran 
unpublished l w s p e e d  two-dimemianal-tunnel data for this w i n g .  The 
addition of the  fuselage moved the aerodynamic center  rearward about 
1 percent mean aerodynamic chord at low Mach numbers but is generally 
about 5 prcent  destabil izing above a Mach  nuniber of 0.95. 

In the subsonic speed range, the whg-done and wing-fuselage 
pitching-mamnt c m e s  indicate  instabil i ty  at  the higher l i f t  coeffi - 
cients- (See figs. 7 and 8. ) It is interesting t o  note, *mer, that  
above M = 1.03 there is  no indication of thie unstable tronil even a t  
the  highest lift coefficient  attained (% 0.6) Similar trends were 
observed f o r  the meptback w f n g  configurations rewrted i n  references 1 
and 2. 

DamKash  and d;yaaanic-peesure eurveys. - A t  Mach numbers below 1.00, 
the dowarash gradient as  near zero lift far the wing alone 
(fig. U) increased a8 the/!?all location  apFoached  the chord plane. 

I 

' 



. 

Above M = 1.00, the value of ac/act  was generally a m x h m  a t  tail 
locations about 35 percent above the chord plane. A t  higher l i f t  coof - 
f tc ients  he+ was generally lower than the z e r o - l i f t  values for tail 
positions below the chmd plane and was higher fcr  tail positions above 
the chard plans (fig. 9)- 

The addition of the f’uselage genarallg had l i t t l e  effect on 
throughout the Mach  number range for practically all tail heights. Note 
that  the  test  angle-of-attack range with the free-floating tafls nearest 
the chord line extended was restricted because of the presence of the 
fuselage (fig. IO). 

The resul ts  of tkie point dynsnnic-pressure smveys made in  a 
vertical  plans containing  the 25-percent mean-aerodynamic-chard point 
of the  free-floating tails used in the darrrwash Eurveys are  presented 
in figure 12. The mRr.lmum loss in dynamic pressme a t  the wakc center 
line for a = 100 was 18 percelrt of the  free-stream dynamic pressure 
a t   the  highest Mach number. 

The additicm of the fuselage had l i t t l e  ar no effect on the 
dynamic-pressure ra t ios  throughout moat of the Mach  number range. 
A t  a = loo the  center line of the wake was loceted at a taii height 
of 7 percent s d s p a n  throughout the Mach  number range. 

Langley Aeranautical  Laboratmy 
National Advisarg Coamnittee far Aeronautics 

Langley Air Force Base, Va. 
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F a s i c  fineness r a t i o  E; act& fineness r a t i o  10 
achieved by cut t ing off the rem o e - a l x t h  of 

the body; F / 4  located at 2/21 
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WING DATA 
Twice swdspon m a  0.125 sqfi 
Aspect ratio 4.0 
Zbper ratio a6 1 3  
&foil section pamlld to air strem NACA 6 5 A 0 0 6  
M G  0.1938 f t  
Diheckd 0' 
I n c i d e n c e  0' 

t v SC&.bZhS 

Figure 1.- General arrangement of model vith 45' sweptback wing, aspect ratio IC, taper ratio 0.3, 
and NACA 6511006 a i r fo i l .  



I '  End plate used wjth fbating 

Figure 2.- Details of free-floating t a i l s  mnunted on model xith 45O meptback wlng, aspect r a t i o  4, I= 
taper- r a t io  0.3, and NACA 6mO6 airfoil .  
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Figure 3 . -  Details of  free-floating t a i l s  used in surveys behind mdel with 45' sweptback wlng, 

aspect r a t i o  4, taper ratio 0.3, and RACA 65p6)06 a i r f o i l .  E 
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Figure 4.- Model mounted on the bumg with three f r ee - f loa t ing   t a i l s  
ins ta l led  Wing-alae configuration. - . 
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Flgura 6. -  Variation o f  teet Reynolds number vlth Mach number for model with 45' Bweptbaok wing, 
aspeot ratlo 4, taper ratio 0.3, and RACA €5~006 airfoi l .  
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Figure 7 - -  Winpalone aerodynamic characterletias for model wlth 45' 
taper r a t io  0.3, and IyAcA 6511006 alrfo i l .  
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Figure 7 .  - Concluded. 
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Figure 10 .- Collcluded. 
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Figure U-- Variation of damrwash gradient with t a i l  height for a model with 45’ mp%bmk wing, 
aspect rat io  4, taper r a t i o  0.3, and NACA 6m06 a i r f o i l .  
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Figure 12 .- Dynamic pressure eurveye In region of tail plane for a model vlth 45' Bveptback wbg, 
aspect ra t io  4, taper ratio 0.3, and W A  6wO6 airfoil. 
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Figure 12.- Concluded. 
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Figure 13 .- Smmnary of aerodynamic characte~rlstlcs far a mdel with 4 5 O  aweflback ying, aspect ratlo 4, 
taper ratio 0.3, and IYACA 6 W 0 6  alrfoll. 
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